Objective: To investigate the rate and pattern of recurrence after curative intent resection of perihilar cholangiocarcinoma (PHC).
INTRODUCTION
Perihilar cholangiocarcinoma (PHC) is the most common type of bile duct cancer with an annual incidence of 1 to 2 per 100,000 in Western countries. PHC arises at or near the confluence of the right and left main bile duct and has an American Joint Committee on Cancer (AJCC) staging separate from intrahepatic and distal cholangiocarcinoma. 1 Patients typically present with obstructive jaundice and are staged with cross-sectional imaging of the abdomen and chest. In the absence of metastatic or locally advanced disease, patients are eligible for resection with curative intent. 2 Five-year overall survival (OS) after resection varies from 13% to 40% across series with more than 100 patients. 3 The poor 5-year OS reflects a high recurrence rate after curative intent resection of PHC. Although several studies have reported the probability of developing a recurrence [4] [5] [6] [7] [8] , only one study with 79
patients evaluated the time to recurrence. 9 Detailed patterns of recurrence were reported in only one study with 80 patients. 8 Better knowledge about recurrence rate and pattern may improve preoperative, intraoperative, and postoperative decision making. For example, surgery may not be the optimal treatment for patients with a very poor recurrence free survival (RFS), patients with a high risk of isolated local (without distant) recurrence may benefit from more extensive surgery or liver transplantation, and patients with a high risk of distant recurrence may be more likely to benefit from adjuvant treatment. Moreover, postoperative surveillance could be tailored to recurrence rate and pattern.
The objective of this study was to investigate the rate and pattern of recurrence after curative intent resection of PHC. In addition, prognostic factors for the time to recurrence and RFS were evaluated.
METHODS

Patients
From 1991 to 2012, consecutive patients with resected PHC were included from two prospectively maintained databases from Memorial Sloan Kettering Cancer Center (MSKCC, New York, USA), and Academic Medical Center (AMC, Amsterdam, The Netherlands). Patients with postoperative mortality within 90 days, R2 (palliative) resection, and re-resection after prior resection at another hospital were excluded from the analyses. Patients who were found to have a diagnosis other than PHC at final pathologic review were also excluded. The institutional review board (IRB) at both institutions approved this study.
Patients underwent resection if tumor-free proximal and distal bile ducts were anticipated with no metastases beyond the hepatoduodenal ligament. Suspect lymph nodes beyond the hepatoduodenal ligament (ie N2 lymph nodes) were biopsied with endoscopic ultrasound fine needle aspiration or percutaneous biopsy preoperatively, or analyzed with frozen section intraoperatively. Resections typically included excision of the extrahepatic bile duct en bloc with an (extended) hemihepatectomy, excision of the portal vein bifurcation when involved, and complete lymphadenectomy of the hepatoduodenal ligament. Routine frozen section was performed of proximal and distal bile duct margins. In selected patients an extrahepatic bile duct resection without liver resection was performed. Caudate lobectomy was performed in most patients since the late 90s, and in most patients with a left-sided partial hepatectomy. Patients treated at AMC underwent preoperative lowdose radiotherapy with three fractions of 3.5 Gy in an effort to destruct tumor cells in bile and reduce postoperative seeding metastases. 10 Perioperative patient management and patient selection for surgery have been described previously in more detail.
11,12
Outcomes
All patients underwent surveillance for recurrence. Imaging (CT or MRI) was performed at the discretion of the physician and patient because there is no data to support aggressive surveillance.
In accordance with the National Comprehensive Cancer Network (NCCN) guidelines, imaging was performed at prespecified intervals (typically 6 months) or only with clinical suspicion of recurrence. 13 The use of imaging at regular intervals was more common in MSKCC and in more recent years.
Recurrence was defined as any new lesion on imaging that was highly suspicious for recurrence of PHC.
Pathologic confirmation was often obtained, but not required. In a previous analysis in 2003, recurrence patterns were categorized into local, regional, and distant. 8 In the current study, the term "regional recurrence" has been abandoned. Regional recurrence referred to recurrence in retroperitoneal lymph nodes, including celiac, periaortic, and pericaval nodes. Since the 7 th edition of the AJCC staging system was published these nodes are classified as N2 representing stage IV disease. 1 Consequently, recurrences in retroperitoneal lymph nodes are now classified as distant metastases. In addition, a new local recurrence category was introduced for patients with a recurrence in the distal common bile duct remnant. Local recurrence was now defined as any recurrence at the liver resection margin, distal bile duct remnant, hepaticojejunostomy, or elsewhere in the liver hilum (e.g., hilar lymph nodes or arising from perineural disease). All other recurrences were considered distant.
Time to initial recurrence was measured from the time of surgery to the time of first recurrence whether local, distant, or both simultaneously. Patients who had no observed recurrence were censored at the time of last follow-up. Patients who died from other causes were censored at the time of death.
Patients who died from sequelae of PHC without a documented recurrence were censored at the time of last follow-up prior to death. These patients either died from an undocumented recurrence, or from late complications resulting from biliary drainage or surgery. Recurrence free survival (RFS)
was measured from the time of surgery to the time of first recurrence or death from any cause.
Survival status was determined from national registries. Patients who were alive without evidence of recurrence were censored at the time of last follow-up.
Variables
Poor prognostic factors for time to recurrence and RFS were selected based on literature review. 6, [14] [15] [16] [17] Patients with a negative margin were divided between a narrow and a wide margin. A narrow margin Perihilar cholangiocarcinoma recurrences 145 9 was defined as an initial positive margin (typically on frozen section), but a negative definitive margin with additional resection. 18 Lymph node status was divided into three groups: positive, negative with less than 4 lymph nodes evaluated, and negative with at least 4 nodes evaluated. 19, 20 Moderate and poor tumor differentiation were combined because OS and RFS were similar for these groups.
Statistical analyses
Statistical analyses were performed using SPSS (Statistical Package for the Social Sciences), version 22. Proportions were compared with Fischer exact or chi square test; means were compared with the t-test. Time to recurrence and RFS were estimated using the Kaplan-Meier method. Univariable analyses were conducted using Kaplan-Meier estimates of survival probabilities and the log-rank test for comparisons. Variables with a p-value less than 0.05 were entered into a cox proportional hazards regression modeling for multivariable analyses for both time to recurrence and RFS.
RESULTS
Patients
Between 1991 and 2012, 359 consecutive patients underwent a resection for PHC of whom 306 patients (173 from MSKCC, 133 from AMC) met the inclusion criteria. Table 1 died of other causes. The median follow-up for patients alive at last follow-up was 48 months.
Time to initial recurrence
During follow-up 177 patients (58%) were diagnosed with a recurrence. Figure 1A presents the estimated cumulative probability of recurrence over time. The median time to recurrence was 31 months. At two years follow-up, the estimated probability of a recurrence was 42%, at five years 67%, and at eight years 76%. Of the patients who did not develop a recurrence during the first two years, 60% developed a recurrence before eight years of follow-up. Of the patients who did not develop a recurrence during the first five years, 28% developed a recurrence before eight years of follow-up. Only two patients developed a recurrence after more than eight years. The probability of an initial isolated local recurrence was 14% in patients with a wide negative resection margin, and 21% in patients with a narrow or positive margin (p=0.22). Caudate resection was not associated with initial isolated local recurrence (p=0.64) or a negative resection margin (p=0.39). Liver recurrence was less common at the resection margin representing local recurrence (8% of all patients) than intrahepatically representing distant recurrence (13% of all patients). Of the eight patients with an initial abdominal wall recurrence, five patients (1.6%) had an initial isolated abdominal wall recurrence, all at the site of the laparotomy scar. An initial isolated abdominal wall recurrence was not associated with biliary drainage approach: two patients underwent preoperative percutaneous biliary drainage, and three patients endoscopic drainage only.
Site of recurrence
Time to recurrence was similar for patients with an initial local or distant recurrence (p=0.46). Most patients with a time to recurrence of more than 5 years (n=15) had an initial distant recurrence without a preferred distant site. Median OS after recurrence was 8 months, and was also similar for patients with local and distant recurrence (p=0.91). OS at two years after diagnosis of a recurrence was 18% and at three years 5%. 
Recurrence free survival
The median recurrence free survival (RFS) for all patients was 26 months (95% CI, 21-31). The 5-year RFS was 27% and the 10-year RFS 14%. Univariable analyses ( Table 1) Multivariable analysis identified four independent prognostic factors for a poor RFS: a positive or narrow resection margin, positive lymph node(s), less than four lymph nodes evaluated, and moderate or poor tumor differentiation ( Table 3 ). All other variables were not associated with RFS in multivariable analysis; caudate resection was not a prognostic factor for RFS. RFS beyond 7 years was not observed in 78 patients with node-positive disease, with only 6 patients censored due to incomplete follow-up. All other poor prognostic factors did not preclude RFS beyond 7 years. 
DISCUSSION
At eight years after resection of PHC in 306 patients, we found an estimated recurrence rate of 76%. Five other studies with each more than 100 patients observed recurrence probabilities of 49% to 66% (Table 4) . However, observed recurrence probabilities typically underestimate the actual recurrence rate due to incomplete follow-up. Only one other study used survival analysis to account for incomplete follow-up. 9 This study was limited to patients with margin-negative resection and recurrence rate estimates up to four years only. At four years the recurrence rate for patients with a negative-margin was similar to the present study ( Figure 1B) . However, we demonstrated that patients continue to have recurrences beyond four years follow-up until a plateau is reached at about eight years.
The high rate of recurrence up to eight years may justify prolonged postoperative surveillance.
Guidelines, including the NCCN guideline, currently recommend considering surveillance imaging every six months for two years. 13 We demonstrated that about half of the initial recurrences are diagnosed after this two year period. While this could justify surveillance beyond two years, it remains unclear whether early detection and treatment of a recurrence improves outcome. The efficacy of palliative chemotherapy has been demonstrated for patients with unresectable or metastatic cholangiocarcinoma, but this efficacy may not transfer to the setting of recurrence after a curative 
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intent resection. 21, 22 Moreover, it remains to be determined whether patients with an initial isolated local recurrence benefit from early detection and re-resection or radiotherapy. Surveillance with CT of the chest could potentially benefit only 8% of patients in whom we found an initial recurrence in the lungs or mediastinum.
An initial isolated local recurrence was found in only 18% of patients. Three studies with more than 100 patients reported an initial isolated local recurrence in 4% to 11% ( Table 4) . Kobayashi et al. found an initial isolated local recurrence in 10% of 78 margin-negative patients. 9 In the present study, we classified retroperitoneal nodal recurrences as distant recurrences in accordance with the 7 th edition of the AJCC staging system. 1 The study of Jarnagin et al. was performed prior to this 7 th edition and classified retroperitoneal nodal recurrences as locoregional recurrences, resulting in a higher estimate for initial isolated locoregional recurrence. 8 The current definition of local recurrence appears appropriate because it includes the area that is typically resected for PHC. Local recurrences arise because microscopic disease is left behind inadvertently at the liver resection margin, distal bile duct remnant, hepaticojejunostomy, or anywhere else in the liver hilum. These truly local recurrences could in theory be avoided by more extensive resections. Neuhaus et al. have
proposed a "hilar en bloc resection" involving a combined extended right hepatectomy with main portal vein resection in all patients. 23 Unfortunately, this procedure has a high postoperative mortality and can only potentially benefit those 18% of patients with an isolated initial local recurrence. A hepatopancreatoduodenectomy has been advocated to avoid local recurrence at the distal bile duct remnant but is also associated with an increased postoperative mortality. 24 The increased postoperative mortality after more extensive resections should be weighed against the potential reduction in local recurrence rate. Total hepatectomy with liver transplantation is the most extensive resection to avoid local recurrence. In a multicenter series of 287 transplanted PHC patients, only 20% of patients had a recurrence after transplant (sites unspecified) with an RFS of 59% at 10 years, compared to 14% in the present study. 25 However, the transplant study involved highly selected patients of whom 63% had primary sclerosing cholangitis (PSC) as underlying disease, only 6%
had positive lymph nodes, and 10% underwent an additional pancreatoduodenectomy. Following Table 4 . Studies evaluating recurrence in at least 100 patients after curative intent resection of PHC. Nevertheless, transplant outcomes compare favorably to resection even after excluding patients with PSC or node-positive disease.
First author
Kobayashi et al. found a recurrence rate at 3 years of 80% in node-positive patients. 9 This was similar to the present study, but Figure 1C demonstrates that the recurrence rate continues to rise and approximates 100% with adequate follow-up. RFS beyond 7 years was not observed in 78 patients with node-positive disease. It appears from this study that node positive PHC cannot be cured with resection alone. Unfortunately, preoperative imaging has a low accuracy in detecting lymph node metastasis, so selection of patients with node-positive disease for alternative treatment strategies is not feasible with current imaging modalities. 26 Patients with node-positive PHC may still benefit from a resection by resolving biliary obstruction and avoiding recurrent cholangitis associated with biliary drainage. Moreover, while cure may be unlikely, a resection in node-positive patients could still improve life expectancy. For example, although these results should be interpreted carefully due to selection bias, a recent study from Nagoya showed that survival in 120 patients who underwent resection of N1 node-positve PHC was worse compared to survival in 174 patients who underwent resection of node-negative PHC, but still better compared to survival of 118 patients who underwent surgery without resection. 19 However, these potential benefits should be weighed against a substantial risk of postoperative mortality of 10-11% in two large Western nation-wide cohorts and from 0% to 14% in a review of high-volume centers. 3, 6, 27, 28 Extensive resections with increased mortality to obtain clear margins are probably not justified in all patients with node-positive PHC.
Univariable analyses of RFS identified many poor prognostic factors. Node-positive disease was the most important independent poor prognostic factor, for both distant and local recurrence. More than half of the node-negative patients had less than 4 lymph nodes evaluated. Consequently, many of these node-negative patients may have harbored undetected positive lymph nodes, as reflected by the worse RFS as compared to node-negative patients with at least 4 lymph nodes evaluated. Evaluating at least 4 lymph nodes is unlikely to cure node-positive patients, but has been recommended for adequate staging. 29 Tumor diameter on imaging or pathologic examination was not associated with RFS, contrary to findings in the liver transplant literature where transplant for PHC is not recommended for tumors of more than 3 cm in diameter. 25 This may be explained by differences in patient and tumor characteristics as mentioned above.
This study has several limitations. Firstly, surveillance imaging was at the discretion of the physician and patient, in accordance with the NCCN guidelines and justified by the absence of data to support aggressive surveillance. Imaging was performed at regular intervals in some patients and only when symptoms developed in other patients. 13 This has likely resulted in an underestimate of the time to 
